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Abstract. Waste cooking oil is used as the main substances in producing graphite biopolymer 
thin films. Biopolymer is produce from the reaction of bio-monomer and cross linker with the 
ratio of 2:1 and addition of graphite with an increment of 2% through a slip casting method. 
The morphological surface properties of the samples are observed by using Scanning Electron 
Microscope (SEM). It is shown that the graphite particle is well mixed and homogenously 
dispersed in biopolymer matrix. Meanwhile, the mechanical response of materials by 
monitoring the change in the material properties in terms of frequency and temperature of the 
samples were determined using Dynamic Mechanical Analysis (DMA). The calculated cross-
linked density of biopolymer composites revealed the increment of graphite particle loading at 
8% gives highest results with 260.012 x 10
3 
M/m
3
.  
1. Introduction 
 
In the era of technology, nowadays the production of new material [1] especially through physical 
blending various polymers have become increasingly popular. This is due to the number of advantages 
such as getting the properties required by the end use, the ability to increase certain service conditions. 
Biopolymer is a general term which includes natural polymers and synthetic polymers derived from 
natural monomers such as liquid, polynucleotides, and polysaccharides. These biopolymers can be 
obtained from plants such as palm oil, and also can be obtained from animal such as gelatine. 
Naturally, biopolymers play an important role in the construction of the cell, energy storage, or 
conservation and transmission (genetic) information. In addition, biopolymers are an alternative to 
petroleum-based polymers [2, 3].  
On the other hand, many natural filler used to replace inorganic filler. This is related to the 
advantages included unlimited source, low-cost, readily available, easy to perform chemical reactions 
and mechanical processing which is less harmful to health. Graphite is recognized as the best 
conductive filler which is naturally abundant and well known as traditional carbon-based filler. It is an 
excellent conductive materials and easily dispersion in polymer matrix [4, 5]. Graphite is usually gray-
  
 
 
 
 
black, opaque and has a lustrous black sheen. It is unique because it has the characteristics of both 
metals and non-metals. It is flexible but not elastic, has electrical conductivity [6] and high heat, and 
very refractory and chemically inert. It has a low adsorption of X-rays and neutrons making it a useful 
material in nuclear application [7]. 
 Meanwhile, the biopolymer materials in the mechanical and physical properties can be 
enhanced by adding graphite to obtain better material structure [8]. In this work, through a slip casting 
method, bio-monomer from waste cooking oil-based is mixed with cross linker with the ratio of 2:1, 
while graphite particle filler is added with an increment of 2% weight by weight ratio of bio monomer.  
 
 
2. Experimental preparation 
 
These work involved in preparing bio-polymer composites and characterization of the mechanical 
properties comprises of several stages as below: 
 
2.1 Graphite filler particle preparation   
As follow with the same method that has been adopted from Jihui Li in 2007 [9], flake graphite 
mixture were placed into a flask in the ultrasonic cleaning bath at room temperature. The next step is 
to wash the graphite mixture with water, dehydrated and dried in an oven at 100 °C for 60 min. 
 
2.2 Bio-monomer synthesis 
Bio-monomer is prepared from renewable resources of virgin cooking oil (VCO). The bio-monomer 
conversion begins with the catalyst preparation to generate the monomer from the unsaturated fatty 
compound, and second reaction is the acid-catalyst ring opening of the epoxies to form polyols or bio-
epoxy [10, 11]. 
 
2.3 Bio-polymer composites preparation 
Thin film bio-polymer composites are prepared by mixing the monomer with cross-linker and treated 
graphite filler of 2,4,6,8,10% weight to weight ratio of bio-monomer using a mechanical stirrer. The 
vigorous stirred of mixture is then slip cast into container and left to dry at ambient temperature for at 
least 6 hours. Micro meters and scanning electron microscope are used to measure the thickness of the 
sample and morphological structure of samples respectively. 
 
2.4  Cross-linked density of bio-polymer composite by Dynamic Mechanical Analyser 
A Perkin Elmer DMA 8000 was employed for dynamic evaluation of the bio-polymer composites. 
DMA determines the viscoelastic properties of polymers. It is a method to characterize the mechanical 
response of materials by monitoring the change in the material properties in terms of frequency and 
temperature. It measures the modulus (stiffness) and the damping (energy dissipation) properties as a 
polymer deforms under periodic stress. It separates the dynamic response of materials into energy 
stored in the system describing that the process is elastic, E´
 
(storage modulus). E’ denotes the elastic 
part of the sample which shows the ability of the sample to bear a load. The E´´ (loss modulus) is 
equivalent to the dissipation of energy and thus signifies the viscous response of the sample. The 
viscous describe the energy that was lost during the process of characterization. While, the damping 
capability of the samples is denote by the loss factor, tan δ [12].  
Cross-linked density, (Ve) of polymers composites can be derived from the rubbery modulus 
using equation, Eq. (4.1), based on the elasticity of rubber:  
   
E’=3veRT                       Eq.(4.1)  
E 'is the storage modulus in the rubbery plateau above the Tg (about +/- 40 ° C Tg = T), R is the gas 
constant (8.314 JK-1 mol-1), and T is the temperature in Kelvin.  
  
 
 
 
 
2.5 Scanning Electron Microscope of bio-polymer composites 
Scanning Electron Microscope, SEM was applied to gain some qualitative evidence between the 
particulate and the matrix on the particle distribution in the matrix and bonding quality. Additionally, 
the fracture surface of the bio-polymer composites was analysed using SEM to get the detail of the 
chemically reacted interface. The physical characterization is observed for both surface and cross 
section. Jeol JSM-6380LA of Analytical Scanning Electron Microscope is employed to study the 
morphological surface of bio-polymer composites. 
 
3. Result and Discussion 
 
3.1 Scanning Electron Microscope of bio-polymer composites 
Changes in the morphological surface of graphite biopolymer thin film with different percentage 
weight loading of graphite filler of 2% 4%, 6%, 8% and 10% shows the distributions of the filler 
particle is well mixed and homogenously dispersed in the bio-polymer matrix.  
        
(a) (b)  (c)  
(d)   (e) (f)  
Figure 3:  The bio-polymer composite with filler loading of 
(a) neat bio-polymer (b) 2%, (c) 4%, (d) 6%, (e) 8%, (f) 10% at 200x magnification 
 
3.2 Dynamic Mechanical Analysis of bio-polymer composites 
Several studies by researchers show that the degradation of polymeric materials under natural and 
accelerated weathering gives varying degrees of cross-linking due to the polymer matrix properties 
[13]. The restriction in molecular motion resulting from further cross-linking, that is higher Ve 
values, leads to less dissipation energy throughout the thermoset, that is, lower values of tan δ. 
Cross-linking influences the mechanical properties of bio-polymer (bio-epoxy). Use of high-
functional reactants, for example, polyol and cross-linker (diisocyanate), leads to a cross-linked 
network. Moreover, with an excess of diisocyanate (NCO/OH > 1), allophanate or biuret bonds form 
from excess diisocyanate-urethane that may cause chain branching and chemical crosslinking [11]. 
Thus, the reduction of friction of the molecular chain with the present reinforcement of graphite in 
bio-monomer is measured the degree of cross-linked density. 
 As refer to Table 1, with calculated value of Ve shows that the higher the loading of 
graphite particle filler, the higher the Ve. However at the highest 10% of graphite particle loading, 
the Ve value suddenly dropped as refers to Figure 1. By previous studies, it was reported that 
damping in the transition part is actually measurement of imperfection in elasticity and energy used 
to deform the material was dissipated into heat. Thus, the highest percentage ratio of graphite filler 
led to the reduction in friction of intermolecular chain with the present of filler as the reinforcement 
materials. 
 The levels of crosslinking rely on the condition of light intensity and range, exposure time, 
temperature, sample thickness, and so on which prevent the portability of atomic chains. This cause 
an interruptive melt stream behaviours that changed the polymer from thermoplastic to thermoset. 
  
 
 
 
 
Thus, reusing the cross-linked polymers can't be done by liquefying them because of cross-linked 
don't dissolve. 
Table 1 Cross-linked density of bio-polymer with different percentage of graphite loading 
Sample / 
Parameter T (K) 
Storage 
Modulus, E´ 
(MPa) 
Cross-Linked 
Density, Ve 
(M/m
3
) x 10
3
 
 
Neat Bio-polymer  335.0734 6.28 0.000751 
 
2%  370.51 2.73 x 10
04
 2.95 
 
4%  335.4043 2.63 x10
05
 31.44 
 
6%  380.95 1.56 x 10
06
 163.87 
 
8%  398.29 2.58 x 10
06
 260.012 
 
10%  348.55 4.29 x 10
05
 49.36 
 
 
Figure 1 shows the data of cross-linked density of graphite loading in biopolymer 
 
  
4. Conclusion 
This research work is to fabricate bio-polymer loaded with different percentage graphite particle filler. 
The result revealed that the cross-linked density is observed at 8% graphite particle with highest value 
of 260.012 x 10
3 
M/m
3
. The significant important of this results is to give some general information on 
the modification of polymer based on the application which depends on the degree of cross-linking of 
the polymer.  
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